Abstract. This paper considers the notion of fitness in evolutionary art and music. A taxonomy is presented of the ways in which fitness is used in such systems, with two dimensions: what the fitness function is applied to, and the basis by which the function is constructed. Papers from a large collection are classified using this taxonomy. The paper then discusses a number of ideas that have not be used for fitness evaluation in evolutionary art and which might be valuable in future developments: memory, scaffolding, connotation and web search.
Introduction
A large number of artistic and musical projects have used evolutionary algorithms as a way of generating their source material. One important component of evolutionary algorithms is a way of evaluating the fitness of individuals in the population. The aim of this paper is twofold. Firstly, we carry out a substantial survey, based on the nine previous EvoMusArt proceedings, of the different ways in which fitness has been used in creative music and art applications of evolutionary algorithms. This informs the creation of a taxonomy of how fitness has been used, and we discuss this taxonomy. Secondly, we point out gaps in this taxonomy-aspects of creativity that are not captured by these applications of fitness-and discuss whether these other aspects could be brought into a fitness-based framework.
McCormack [30] has argued that there is a need for more "theory" in evolutionary art, and particularly more "art theory" rather than computational theory. Part of the aim of this paper is to contribute to that art theory, in particular by looking in Section 3 at ideas that are common in discussions of artworks as such, or of the creative process that gives rise to those works, and revisiting them in the context of evolutionary art.
In particular, we are interested in whether these systems can give rise to creative outcomes. Pinning down computational creativity is difficult-a common working definition is "the study of building software that exhibits behavior that would be deemed creative in humans" [8] . As such, we will not devote any space to many other interesting areas of evolutionary computation in art and music.
Taxonomy and Survey
This section of the paper gives an overview and taxonomy of how fitness has been used in a large number of evolutionary art and music projects.
The source material for this study were the papers published between 2003 and 2011 in the EvoMusArt workshops and symposia [6, 35, 39, 40, 18-20, 14, 15] , which have been held every year and are the main event focused on evolutionary methods in music and art. The papers were reviewed, and those that used evolutionary methods to produce a creative outcome-i.e. something generated as a result of the process or end result of the evolution, that is not the result just of applying well-understood rules or constraints-were selected. Therefore, we exclude papers that were e.g. review papers, papers about the theory of evolutionary art and music, papers that used evolutionary methods for the analysis of works of art or music, papers that used evolutionary algorithms within a framework of fixed rules (e.g. musical harmony rules) and papers that were about performance, rendering or re-presentation of existing works. We also excluded papers that presented systems where no notion of fitness was involved. Most of the systems were evolutionary algorithms but some other algorithms, e.g. swarm algorithms, with a clear fitness function, were included.
Based on these papers we constructed a two-dimensional taxonomy of how fitness is used in this domain, consisting of a dimension called fitness scope and a dimension called fitness basis. A definition and analysis of this taxonomy, and a tally of the number of papers that fitted into each point in the taxonomy, is given in the remainder of this section. Due to space limitations a full listing of the papers and how they fit into the taxonomy is not possible, but these details can be obtained by contacting the author.
Fitness Scope
The first part of the taxonomy is a classification of what fitness is applied to: we will call this the fitness scope. This is one of three classes. The first, which we will call a set of works is where each member of the population consists of a collection of individual artworks, and fitness measure is applied to that collection. The second, whole work, is where the population consists of examples of works of art or music (or a proxy therefor, like a set of generative rules for creating such a work), and therefore fitness is applied to a single work. The final, evolutionary process as artwork is where the fitness evaluation is part of a process which is viewed in some fashion as the work itself, and therefore the work as such is not being rated by a fitness measure.
The distribution of papers in each of these categories is given in Table 1. Note that it is possible for a paper to belong to multiple categories, so the total does not necessarily add up to the total number of papers.
The whole set of works category is represented by just two papers. The first paper [3] is unusual, in that it is concerned with curating a collection of precreated works, by deciding which works are to be presented together at a number of locations. The second [26] is a meta-level evolution of generative systems. Each
